Background: Disturbance of intrinsic brain networks is often associated with APOE
INTRODUCTION
Research into the presymptomatic stages of Alzheimer's disease (AD) and the discovery of statusspecific biomarkers is of utmost importance to make a more accurate diagnosis at the very onset of the disease. With the advances of neuroimaging techniques, AD has been reframed as a disease of 'disconnectivity' with the presence of abnormal functional connectivity [1, 2] . Default mode network (DMN), as a core intrinsic brain network, is vulnerable to aging and neuropathological cascade [3] .
Compelling evidence illustrates that beta-amyloid (Aβ), as a pathological hallmark of AD, deposits and spreads progressively within DMN across the lifespan [4] .
The Apolipoprotein E (APOE) ε 4 allele is one of the well-replicated genetic risk factor for sporadic AD [5, 6] , attending the formulation of Aβ [7] . As to the effect of APOE Accordingly, it should be noted that decreased DMN connectivity is not restricted to APOE ε 4, but also interferes with cognitive status. Therefore, the pending question would be whether APOE 
Materials and Methods

Participants
Sixty five right-handed Chinese senior adults (aged from 66 to 82 years) were recruited our cohort 
Evaluation of cognitive performance
A comprehensive battery of neuropsychological tests was conducted to assess the main domains of cognitive functions [17] . Alzheimer's Disease Assessment Scale cognitive subscale (ADAS-Cog) 5 and Mini mental state examination (MMSE) were used to measure the global cognitive efficiency.
Delayed recall of words and digit span backward (DSB) were used to evaluate working memory function. Trail making test part A (TMT-A) and digit span forward (DSF) were employed to assess attention. Trail making test part B (TMT-B) and category verbal fluency test (CVFT) were used to assess executive function. All the measurements were conducted with Chinese instructions.
APOE genotyping
All participants provided a sample of DNA for APOE genotyping. Genomic DNA was extracted from peripheral blood samples using DNA extraction kit according to the instruction (Qiagen, US).
The presence of APOE ε 4 allele was analysed and performed using the well-validated PCR-RFLP method [24] .
Image acquisition
All MRI data were collected in the Prince of Walsh Hospital by using a 3 Tesla Philips Achieva
Scanner with an eight-channel SENSE head coil. A series of T1-weighted structural images were 
Voxel-based morphometry (VBM) analysis
Structural MRI (sMRI) data were pre-processed by VBM using Statistical Parametric Mapping space. The normalized volumes were spatially smoothed using an isotropic Gaussian filter of 8-mm full width at half maximum.
The time points in each voxel were detrended for correcting the linear drift over time. Nuisance signals, including whole brain, white matter, cerebrospinal fluid and six motion parameters, were regressed out from rs-fMRI time courses [27, 28] . Subsequently, temporal filtering with a band of 0.01-0.08 Hz was applied to the time courses to reduce the impact of low-frequency drifts and highfrequency noise [29] . Then, the above pre-processed rs-fMRI data were used for FC analysis. formation (HF). To better control the heterogeneity in cortical anatomy across individuals, we used a relatively large seed (10 mm) in order to elicit a broader connectivity map.
Region of interest-based FC analysis
After defining the ROIs, the mean time courses were extracted from each ROI by averaging the time courses over all voxels within the ROI. To illustrate the organization within DMN, Pearson correlation coefficients were calculated with the corrected time courses between the ROIs (Fig. 1b) .
The absolute values of the correlation coefficient (r) were used as a measure to evaluate the FCS between the ROIs ( IBM. Armonk NY, USA). All tests were two-tailed, and the significance level threshold was set at p < 0.05 unless explicitly stated otherwise. Fig. 2 shown, using age, sex and years of education as covariates, the main effect of APOE 
RESULTS
Demographics and cognitive performance
DISCUSSION
We identified the main effects of APOE Beyond the main effects of APOE ε 4 and cognitive status on DMN connectivity, another results deserved to highlight here are the interaction effects between these two factors on brain connectivity.
There was a specific pattern of the interaction effects on DMN connectivity driven almost by the interhemisphric FC linked with left temporal cortex, of which has no overlapping with either APOE Indeed, the strong associations to memory (i.e., delayed recall), language (i.e., CVFT) and DMN connectivity changes of the regions identified as significantly different between groups in this study converge on the potential importance of these regions and the effect of APOE ε 4 on their cognitive function.
In conclusion, functional connectivity strength, as a quantifiable connectivity measure related to network-level brain connections, can help us to better understand the complex relationship between age, genetic risk factor and brain function. The status-specific patterns the interaction effects on the connectivity within DMN can be used as the early neurophenotypes of AD progression, which may highlight its potential use in further develping network-guided non-invasive brain stimulation and other advanced brain interventions for cognitive enhancement.
Limilations and future directions
11 Some limitations of this study need to be acknowledged: (1) the small sample size of APOE ε 4 MCI carriers is the main weakness of this study; (2) the backgrounds of cerebrovascular risk factors are not included, which might affect the functional connectivity as well; (3) There is still much to learn about the disease-specific intrinsic brain network changes in types of neurodegenerative disorders and about how brain connectivity and neuropathology in relation to each other over time. We would use these changes to detect the individuals at risk of cognitive deficits and further guide the personalized intervention, such as non-invasive brain stimulation.
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